In 2007 mature achenes of prickly lettuce (Lactuca serriola L.) were collected from a winter wheat crop growing on loess-derived brown earth soil, from the side of a dirt road, and from a hybrid alfalfa crop growing on heavy rendzina soil. In March 2008 the germination ability of achenes and the length of roots and above-ground parts of L. serriola seedlings were determined. The experiment was set up as a completely randomized design in 6 replicates and it was done in dishes. The dishes were filled with loess-derived brown soil and podzolic soil derived from light loamy sand with different pH values of 4.5, 5.5 and 7.0 obtained using laboratory methods. The second experiment evaluated the effect of medium type and light conditions on the germination of Lactuca serriola achenes. The experimental design was the same as in the above described experiment.
INTRODUCTION
Among species of the genus Lactuca (f. Asteraceae) found across Poland, prickly lettuce (L. serriola (L.)) has been recorded to date most frequently in ruderal habitats (A n i o ł -K w i a t k o w s k a , 1974; F i j a ł k o w s k i , 1978; Ś w i ę s , 1993). This species is now at the initial stage of colonization of segetal communities and the size of its population in weed infestation of crops increases (K a p e l u s z n y and H a l i n i a r z , 2010). In other countries such as, for example: United Kingdom, Czech Republic, Canada, United States of America, this process is already much more advanced (P r i n c e and C a r t e r , 1985; R u - Prickly lettuce, likewise each species, has a unique range of habitat requirements necessary to break the dormancy of seeds and to initiate their germination. The literature of the subject includes the following in the most frequently investigated factors: temperature (R o b e r t s , 1972; M a r k s and P r i n c e , 1982; M i k u l k a and C h o d o v a , 2003), type of soil medium (P r i n c e and C a r t e r , 1985), light intensity (C r o o k e r and B a r t o n , 1957; B o r t h w i c k et al. 1954; M a r k s and P r i n c e , 1982). Moreover, the following factors have been proven to have a significant effect on germination: location of seeds in the soil (M i k u l k a and C h o d o v a , 2003; L a s s and P r a t h e , 2007), origin of the mother plant and time of seeding (seed shedding) (M a r k s and P r i n c e , 1981; P r i n c e and C a r t e r , 1985) as well as the size of seeds and their location on the plant -larger seeds and those produced on the main stem generally germinate more quickly (R o b e r t s , 1972).
Taking into account existing research, a hypothesis was put forward that under the conditions existing in a cultivated crop, different than those in ruderal habitats, diaspores with different physiological properties and varying viability are produced. In order to verify this thesis, the present study investigated germination ability and some traits of emerging plants, depending on soil medium, light conditions, and the origin of the mother plant.
MATERIALS AND METHODS
Mature achenes of prickly lettuce were collected from a winter wheat (Triticum aestivum L.) crop in August, while in September 2007 from the side of a dirt road and from a crop of hybrid alfalfa (Medicago x varia Mart.). The first two stands were located on deep loess-derived brown soil, on the outskirts of Lublin. The hybrid alfalfa crop, and to be exact, its second regrowth left for seeds, grew on heavy rendzina soil derived from chalk rock, in the village of Pawłów, Municipality of Rejowiec Fabryczny.
Achenes, hereinafter referred to as seeds, were stored in paper bags at room temperature. In March 2008 the seed were subjected to germination. Two types of soil were the medium for germination: loess-derived brown soil and podzolic soil derived from light loamy sand, which were collected from a crop field. The soil media were dried at room temperature and subsequently different pH values of these soils were obtained using laboratory methods: 4.5, 5.5 and 7.0, respectively. To this end, soil pH was determined by the potentiometric method in redistilled water. After the initial pH value was determined, which was 6.73 in brown soil and 5.52 in podzolic soil, the respective amounts of 0.25; 0.5; 1.0; 1.5; 2.0; 3.0 and 3.5 ml of NaOH (at a concentration of 0.1 mol×dm ) were added to the soil samples. After 24 hours, measurements were made to determine pH curves. On the same day, based on the charts it was calculated what amounts of base and acid should be added to the soil samples in order to obtain the following soil pH values: 4.5, 5.5 and 7.0. The pH values of soil media adopted in the methodology were determined before the establishment of the experiment (Skowron and Skowrońska, 2009). Plastic dishes, 12.0 cm in diameter and 2.0 cm high, were filled with soil so prepared. Next, 50 seeds of prickly lettuce were placed on the soil surface in each dish. The experiment was conducted at a temperature of 20-24 o C and with the moisture content of the medium at a level of 60% of full water capacity. In order to maintain constant moisture content, the dishes were weighed once per day and evaporated water was replenished. The experiment was set up as a complete randomized design in 6 replicates. After 21 days from seeding, germination ability was determined as well as the length of the above-ground parts and roots of all plants from each dish was measured. The above-ground parts were measured to the tip of the longest leaf.
In addition, in April 2008 we investigated the effect of light and soil medium conditions on germinability of Lactuca serriola achenes. The above described soils with their natural pH were used in the experiment. 50 seeds, collected the previous year from plants found at a ruderal site, were sown on the medium surface in each dish. One group of dishes was placed in total darkness, while the other one was illuminated for 12 hours (from 7.00 to 19.00) with florescent lamps at an average light intensity of ca. 4000 lux. The experiment was carried out as a completely randomized design in 6 replicates, at room temperature from 20 to 24 o C. The moisture content of the media was maintained at a level of 60% of full water capacity.
The obtained results of both experiments were statistically analysed using the analysis of variance and comparing the means by Tukey's test at a significance level of p=0.05. Before doing statistical calculations, the percentage values were transformed according to the formula y=arcsinx (E l a n d t , 1964).
RESULTS
Germination ability of prickly lettuce seeds was significantly dependent on the origin of the mother plant, type of soil on which seeds were subjected to germination, and on soil pH. More seeds (by 24%) germinated on loess-derived soil than on podzolic soil derived from sand. Seeds collected from the alfalfa crop and from the roadside showed significantly higher germinability (by 25% and 38%, respectively) compared to seeds originating from the wheat crop. The seed trait in question was not proved to be significantly correlated to soil pH (Table 1) . However, soil pH and soil type were found to have a significant interaction effect on germination. This was evidenced by a significantly higher percentage of germinated seeds on loess soil with a pH of 5.5 and 7.0 than on podzolic soil with the same pH.
All the studied factors, including soil pH, affected to a lesser or greater degree the morphology of lettuce seedlings, i.e. length of above-ground parts and root length (Tables 2, 3) . When generalising the results, one should conclude that seedlings that grew on a very acid medium (with a pH of 4.5), podzolic soil, and originated from seeds collected from the winter wheat crop were characterized by the worst parameters. Seeds collected from individuals growing on rendzina soil in the alfalfa crop were characterized by a greater physiological potential that provided a better start for emerging plants compared to seeds originating from the other stands.
In the second experiment, light conditions significantly affected the germination of Lactuca serriola seeds (Table 4) . 63.3% of seeds germinated in the dark, whereas in the light only 27.6%. On the other hand, the differences in seed germination on podzolic soil with a pH of 5.52 and on brown soil with a pH of 6.73 were not statistically proven. Nevertheless, likewise in the above described experiment, seeds germinated better on brown earth soil. 
DISCUSSION
As reported by C r o e k e r and B a r t o n (1957), the period of seed after-ripening in plants of the genus Lactuca is about 4 months. This applies to dry stored seeds. The present experiment thus fulfilled the basic requirement necessary for evaluation of seed germination ability.
The obtained results prove that a higher pH of soil, both of that on which the mother plant grew (chalk rendzina) and of the germination medium, had a substantial effect on germinability and the initial growth of seedlings of the species under study. A similar correlation has already been shown in earlier studies of the present authors (K a p e l u s z n y and H a l in i a r z , 2011) and of other authors (W e a v e r et al. The germination ability of seeds under study was also affected by factors such as the origin of the mother plant as well as the type of medium and its interaction with pH. A similar correlation was demonstrated by P r i n c e and C a r t e r (1985) . In our experiment, the percentage of germinating seeds significantly depended on the origin of the mother plant and ranged between 36% for seeds collected from the winter wheat crop to 74% for those originating from the roadside; it was also dependent on germination medium (range of variation 45-69%). One of the reasons for such different germination rates for L. serriola seeds is explained by G u t e r m a n (1992). This author suggests that L. serriola has a unique germination mechanism that results in the germination of only a part of mature and shed seeds if there is a high risk of death of seedlings. This is a certain species survival mechanism. Another reason for poorer germination of seeds collected from the winter wheat crop can be sought in their incomplete maturity, to which R o b e r t s (1972) draws attention.
In the present study, significantly more seeds germinated in the dark than in the light. Seeds of Lactuca sativa, a species closely related to Lactuca serriola, behave similarly (M a y e r and P o l j a k o f f --M a y b e r , 1963). On the other hand, the study of R u t l e d g e and M c L e n d o n (2002) demonstrates that as many as 92% of seeds germinated both in the light and in the dark. Papers of other authors show a high dependence of the process of L. serriola germination on both light conditions and temperature. As reported by M a r k s and P r i n c e (1982), at a constant temperature of 15 o C seeds germinated only in the light, whereas under natural changing thermal conditions emergences also occurred in the dark.
CONCLUSIONS
Prickly lettuce, encroaching into crop fields and colonizing even a dense crop formed by winter wheat, produces diaspores capable of germination. In this way, developing segetal cenopopulations can increase the numbers of this species and ensure the continuity of its occurrence in crops. But segetal individuals differ from those growing on roadsides not only morphologically (K a p e l u s z n y and H a l i n i a r z , 2011), but also in seed quality. Seeds originating from a winter wheat crop germinate and emerge significantly more poorly compared to seeds collected from the side of a dirt road or from an alfalfa crop.
Soil medium onto which seeds fall significantly affects germination and emergence. Emerging plants showed higher germinability on loess-derived soil with a pH of 5.5 and 7.0 than on podzolic soil derived from sand with the same pH. Moreover, the germination of L. serriola L. seeds is dependent on light conditions. In the present experiment, significantly more seeds germinated in the dark than in the light.
